**Core tip:** Sleeve gastrectomy (SG) represents a type of bariatric surgery, whose postoperative complications include anastomotic leaks and strictures. Endoscopic treatment may encompass stenting, which may be technically challenging in angulated and tortuous SG anatomies. Furthermore, the delivery systems of some stents used in this indication are larger and less flexible. These aspects may result in recurrent kinking of the delivery system of the stent preventing its correct progression in the altered gastric cavity. Therefore, the adoption of a modified technique of deployment of stents using the overtube developed for balloon-assisted enteroscopy may represent an effective option to overcome those technical difficulties.

INTRODUCTION
============

Sleeve gastrectomy (SG) represents one of the most commonly performed type of bariatric surgeries\[[@B1],[@B2]\]. The increased number of SG has also lead to an increased prevalence of postoperative complications, namely anastomotic and staple line leaks and strictures\[[@B2]\]. The management of post-SG complications has also evolved and endoscopic treatment may currently play an important role in these patients\[[@B2]\]. Endoscopic treatment of staple line leaks and stenoses includes stenting, which may be technically challenging in angulated and tortuous SG anatomies. Furthermore, the delivery systems of some stents used in this indication are larger and less flexible. In some patients these difficulties may result in recurrent kinking of the delivery system of the stent preventing its correct progression in the stomach. Therefore, the adoption of a modified technique of deployment of stents using the overtube developed for balloon-assisted enteroscopy may represent an effective option to overcome those technical difficulties\[[@B3]\].

This study aims to describe a case series of patients with post-SG complications submitted to endoscopic stenting, in whom a conventional over-the-wire (OTW) technique failed and a modified OTW technique with the adaptation of an overtube was adopted.

MATERIALS AND METHODS
=====================

Between January 2010 and December 2015, all patients submitted to an endoscopic stenting procedure to treat a post-SG stenosis or leakage were retrospectively collected. Procedures from patients in which the stent was deployed using the balloon-overtube-assisted (STSB1, Olympus) modified OTW stenting technique, after failure of the standard OTW stenting deployment, were described.

SG leaks were diagnosed based on clinical symptoms including fever and radiological evidence of fistula or abdominal abscesses. Patients were referred for stent placement only after resolution of sepsis and drainage of the abdominal collections. SG stenoses were diagnosed based on clinical symptoms including vomiting and endoscopic or barium studies revealing a narrowing of the stomach.

All procedures using the balloon-overtube assisted technique were performed under deep propofol sedation by two experienced endoscopists (RP and LP) with endoscopic and fluoroscopic guidance. Two types of stents were used, including a fully covered self-expandable metal stent (SEMS) designed for the SG anatomy (Hanarostent, ECBB-30-240-090; M.I. Tech, Co., Ltd, Seoul, South Korea) in four procedures and a biodegradable stent (BD stent 019-10A-25/20/25-080, SX-ELLA, Hradec Kralove, Czech Republic) in the remaining procedure. Informed consent was provided by all patients for this technique. The technical success, corresponding to proper placement of the stent in the stomach resulting in exclusion of the SG leak or the stenosis, was evaluated. Complications related to stenting were also reported.

RESULTS
=======

During this period, 13 stents were placed to treat complications of SG, including anastomotic leaks (*n* = 6), stenoses (*n* = 4) and leaks associated with stenoses (*n* = 3). In 3 procedures, standard esophageal covered SEMS were used; in 1 procedure a biodegradable self-expandable stent was used and in the remaining 10 patients a covered SEMS specifically designed to the SG anatomy was used (Hanarostent, ECBB; M.I. Tech, Co., Ltd, Seoul, South Korea). These later 2 stents have a larger and stiffer delivery device that adds difficulty in the passage of angulations and stenosis, resulting in kinking and subsequent damage to the stent. In five (38%) of all procedures, representing 50% of patients (5/10) with these larger delivery devices, the presence of angulations and/or stenosis prevented the advancement of the stent delivery system (4 bariatric surgery stents and 1 biodegradable stent), precluding the standard OTW technique. In these 5 cases, the balloon-overtube-assisted modified OTW stenting technique was used to overcome these angulated stenoses. In Table [1](#T1){ref-type="table"} the characteristics of the five procedures are summarized.

###### 

Characteristics of the procedures

  **Procedure**   **SG complication**   **Reasons for failure of conventional OTW stenting**   **Type of stent**     **Technical success**
  --------------- --------------------- ------------------------------------------------------ --------------------- -----------------------
  1               Dehiscence            Angulation in the antrum                               Bariatric SEMS        Yes
  2               Dehiscence            Angulation in the antrum                               Bariatric SEMS        Yes
  3               Stenosis              Long and angulated stenosis in the antrum              Biodegradable stent   Yes
  4               Stenosis              Angulated stenosis in the antrum                       Bariatric SEMS        Yes
  5               Stenosis              Angulated stenosis in the antrum                       Bariatric SEMS        Yes

SG: Sleeve gastrectomy; OTW: Over the wire; SEMS: Self-expandable metal stent.

Procedure 1
-----------

This patient was referred for our department to treat a large early leak post-SG in the proximal antrum. Endoscopy revealed a 30-mm dehiscence in the proximal antrum and a marked angulation in the distal antrum. This angulation caused persistent kinking of the delivery device, preventing the technical success of stenting using the standard OTW approach. Hence, an overtube was used to overcome the initial difficulties. The overtube and endoscope were advanced through the SG to the duodenum (Figure [1A](#F1){ref-type="fig"}). After placement of the guidewire and removal of the endoscope leaving the overtube in place (Figure [1B](#F1){ref-type="fig"}), a fully covered SEMS (Hanarostent, ECBB-30-240-090; M.I. Tech, Co., Ltd, Seoul, South Korea) was easily advanced through the overtube (Figure [1C](#F1){ref-type="fig"}). The overtube was then pulled back and the stent was successfully deployed under fluoroscopic guidance (Figure [1D](#F1){ref-type="fig"}). Correct placement of the stent was confirmed by injection of contrast revealing no extravasation of contrast through the leak. No immediate or late complications related to the stent were reported.

![Deployement of the bariatric stent. A: Fluoroscopic image showing advancement of the overtube and endoscope through the sleeve gastrectomy; B: Fluoroscopic image depicting removal of the endoscope after placement of the guidewire and the overtube; C: Fluoroscopic image revealing the progression of the stent over-the-wire and through the overtube; D: Fluoroscopic image showing the release of the stent after the overtube was slightly pulled back. A marked angulation of the stent is seen.](WJGE-9-267-g001){#F1}

Procedure 2
-----------

This procedure was performed to treat early dehiscences post-SG. Endoscopy revealed 3 small leaks, one located in the proximal body and two located in the proximal antrum. The angulated configuration of the SG caused repeated kinking preventing the advancement of the stent using the standard OTW technique. Therefore, an overtube was used and was advanced with the endoscope through the SG to the duodenum. After placement of the guidewire up to the duodenum and removal of the endoscope leaving the overtube in place, a fully covered SEMS (Hanarostent, ECBB-30-240-090; M.I. Tech, Co., Ltd, Seoul, South Korea) was easily advanced through the overtube that was left *in situ*. The overtube was then pulled back and the stent was successfully deployed under fluoroscopic guidance. Correct placement of the stent was confirmed endoscopically and with fluoroscopy that showed no extravasation of contrast through the leak.

Procedure 3
-----------

This patient was referred to our department to stent a chronic fibrotic stenosis post-SG in the distal antrum refractory to balloon dilation. The stenosis was 4-cm long and angulated, which prevented the advancement of the stent's delivery system using the standard OTW technique. Before stenting, the fibrotic stenosis was dilated using a controlled radial expansion balloon with a diameter up to 15 mm. Then, the limits of the stenosis were marked using submucosal contrast injection and the endoscope mounted with the overtube was advanced to the duodenum. The guidewire was then inserted to the jejunum and the endoscope was removed, leaving the overtube through the stenosis. A biodegradable stent (BD stent 019-10A-25/20/25-080, SX-ELLA, Hradec Kralove, Czech Republic) was used, which was advanced through the overtube under fluoroscopic guidance. Then the overtube was split and removed, and the stent was successfully deployed under fluoroscopic guidance. The luminal patency was confirmed with injection of contrast which progressed easily to the jejunum.

Procedure 4
-----------

This patient was submitted to a SG which complicated with a stenosis. Firstly, serial balloon dilations were attempted with no clinical success. Therefore, the patient underwent endoscopy to place a stent. The stenosis was dilated with a balloon up to 15 mm. The angulation of the stenosis in the antrum resulted in recurrent kinking of thedelivery system, preventing the advancement of the stent using the standard OTW technique. The overtube-assisted modified OTW stenting technique previously described was then used enabling the advancement of the endoscope and overtube to the duodenum, after delimitation of the limits of the stenosis. The guidewire was subsequently advanced, the endoscope was removed and the overtube was left through the angulation. A fully covered SEMS (Hanarostent, ECBB-30-240-090; M.I. Tech, Co., Ltd, Seoul, South Korea) was then advanced through the overtube, under fluoroscopic guidance. The overtube was slightly pulled back to prevent the release of the stent in its interior, and finally the stent was deployed under fluoroscopic guidance. Luminal patency was confirmed with administration of oral contrast. Three weeks later, stent migration occurred due to dilation of the stenosis caused by the stent, requiring endoscopic retrieval of the stent.

Procedure 5
-----------

This patient underwent an overtube-assisted modified OTW stenting technique to treat a chronic and angulated stenosis post-SG refractory to balloon dilation. The configuration and angulation of the stenosis prevented the technical success of the standard OTW technique and the modified technique described above using the overtube was adopted. As in procedure 4, after delimitation of the limits of the stenosis with submucosal contrast injection, the overtube and endoscope were advanced through the stenosis to the duodenum. After placement of the guidewire and removal of the endoscope (Figure [2A](#F2){ref-type="fig"} and B), the fully covered SEMS (Hanarostent, ECBB-30-240-090; M.I. Tech, Co., Ltd, Seoul, South Korea) was easily advanced through the overtube (Figure [2C](#F2){ref-type="fig"}). The overtube was then pulled back and the stent was successfully deployed under fluoroscopic guidance (Figure [2D](#F2){ref-type="fig"}). No immediate or late complications related to the stent were reported.

![Deployement of the bariatric stent. A: Fluoroscopic image showing the overtube correctly placed in the sleeve gastrectomy while the endoscope is being removed; B: Fluoroscopic image depicting the overtube and the guidewire in place; C: Fluoroscopic image revealing the advancement of the stent over-the-wire and through the overtube; D: Fluoroscopic image showing the deployed stent with a marked angulation.](WJGE-9-267-g002){#F2}

DISCUSSION
==========

Laparoscopic SG is a new surgical procedure for morbid obesity that has gained wide acceptance due to its simplicity and efficacy compared to the gastric bypass technique\[[@B4]\]. Nevertheless, its long staple line and altered intragastric pressures may lead to postoperative complications, including staple line leaks and stenoses\[[@B5]\].

The main early postoperative complication after SG is staple line leak, which affects 0.5%-5% of the patients and typically occurs in the proximal third of the stomach, near the gastroesophageal junction\[[@B1],[@B4],[@B6]\]. Clinical suspicion and imaging are the cornerstone in the diagnosis\[[@B1]\]. Patients may present with fever, tachycardia, abdominal pain, peritonitis, septic shock and multiorgan failure or may be asymptomatic\[[@B1],[@B7],[@B8]\]. Tachycardia is the earliest sign of a possible leak\[[@B8]\]. Management mainly depends on the timing and clinical presentation of the leak, being a new surgical approach indicated in septic or hemodynamically unstable patients\[[@B1],[@B6]-[@B9]\]. After controlling the septic state, efforts must be focused on healing the gastric leak and various endoscopic techniques have been successfully applied, namely endoclips, fibrin glue, over-the-scope clips, septotomy combined with balloon dilation and covered stents\[[@B2],[@B4],[@B6],[@B8],[@B10]-[@B13]\]. Covered stents are a novel treatment approach for leaks after bariatric surgery, being minimally invasive, relatively safe and successful in 88% of cases\[[@B4],[@B7],[@B9]\]. Post-SG stenoses range from 0.26% to 4% and may result from a prior leak or anastomotic ulceration, unintentional narrow gastric tubularization, a twisted or spiral suture and segmental imbrication\[[@B2],[@B5]\]. Segmental imbrication usually results in stenoses at the level of the incisura due to the retraction of tissues\[[@B5]\]. The diagnosis is based on clinical symptoms including vomiting and endoscopic or barium studies revealing a narrowing of the stomach\[[@B6]\]. Endoscopic therapy may encompass balloon dilation and stenting to prevent restenosis\[[@B2]\].

Endoluminal stents provide a physical barrier between the gastric lumen and the leak, preventing further peritoneal contamination and allowing its healing while affording enteral nutrition\[[@B2],[@B8]\]. The main limitations of stent employment are distal migration and mucosal hypertrophy\[[@B7]-[@B9]\]. The SEMS used in 4 procedures of our series may obviate these complications as it was specifically designed for bariatric surgery allowing better adjustment to the anatomy of the SG and it is fully covered preventing mucosal hypertrophy.

The placement of self-expanding stents is usually easily accomplished, using either the through-the-scope (TTS) or the OTW technique. The TTS technique is easier to perform in stenoses that are angulated or located after sharp angulations. Nevertheless, some stents as the models used in our case series have a larger delivery system, which prevents the use of the TTS technique. Furthermore, this stent is larger and stiffer than usual SEMS, turning its advancement over angulated stenoses challenging. Conversely, as occurred with these stents in 50% of patients (5/10) in our case series, the conventional OTW procedure may not be technically successful due to recurrent kinking or looping of the delivery system in an angulated stenosis. To overcome these limitations, the adaptation of an overtube to the OTW technique may prevent kinking of the delivery system as the overtube will have a role similar to a working channel\[[@B3],[@B14],[@B15]\]. In our case series, this technical modification of the OTW procedure resulted in technical success in all cases.

In conclusion, this modified overtube-assisted OTW technique represents a safe and easy method for stent insertion in challenging SG anatomies, allowing the placement of different models of stents and the technical success in all 5 procedures.

COMMENTS
========

Background
----------

Sleeve gastrectomy (SG) represents a type of bariatric surgery, whose postoperative complications include anastomotic leaks and strictures. Endoscopic treatment of staple line leaks and stenoses includes stenting, which may be technically challenging in angulated and tortuous SG anatomies. Furthermore, the delivery systems of some stents used in this indication are larger and less flexible preventing the through-the-scope stenting technique. In some patients these difficulties may result in recurrent kinking of the delivery system of the stent preventing its correct progression over-the-wire (OTW) in the stomach.

Research frontiers
------------------

The adoption of a modified technique of deployment of stents OTW using the overtube developed for balloon-assisted enteroscopy may represent an effective option to overcome technical difficulties of stenting deployment.

Innovations and breakthroughs
-----------------------------

The adaptation of an overtube to the OTW technique may prevent kinking of the delivery system as the overtube will have a role similar to a working channel. The overtube-assisted modified OTW stenting technique enables the advancement of the endoscope and overtube through the SG to the duodenum. The guidewire is subsequently advanced, the endoscope removed and the overtube is left in place. The stent is then advanced through the overtube, under fluoroscopic guidance. The overtube is slightly pulled back to prevent the release of the stent in its interior, and finally the stent is deployed under fluoroscopic guidance.

Applications
------------

The modified overtube-assisted OTW technique represents a safe and easy method for stent insertion in challenging SG anatomies and a good option in cases of conventional OTW stenting failure.

Terminology
-----------

SG is a type of bariatric surgery resulting in tubulization of the gastric cavity.

Peer-review
-----------

The most interesting topic of the paper is the novelty of the technique described. This technique seems easy to perform, in expert hand, and can impact positively on the resolution of serious complications due to laparoscopic SG.
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